Introduction
Optoacoustic imaging (OA) is a promising hybrid technique that combines the benefits of ultrasound imaging and tissue specific light absorption. It thereby overcomes the poor penetration depth of optical imaging and improves the contrast of pure ultrasound imaging [1] . Short pulsed laser irradiation yields heating of absorbing tissue like blood vessels. Non-ionizing electromagnetic waves as laser pulses induce thermal heating of the absorbing vascular system. According to the phenomenon of the photoacoustic effect, first mentioned by Graham Bell, thermoelastic expansion of the observed structure results in a wave emission that can be detected by adequate ultrasound transducers. The magnitude of the induced signal corresponds to the characteristic optical absorption of the structure and is hence related to the physiological property [2] . Several developments enable the visualization of angiogenesis [3] and blood oxygenation of vessels [4] . In contrast to widely used imaging techniques like magnetic resonance imaging and computed tomography, optoacoustic imaging further is a low-cost and real-time modality. Recently, the emerging of the new transducer concept cMUT (capacitive micromachined ultrasonic transducer) with enhanced sensitivity and bandwidth features when compared to conventional PZT transducers improved the performance of optoacoustic imaging [5, 6] . However, for special applications where a tomographic setup is required (whole body small animal imaging, imaging of extremities) cMUTs can hardly be used since the array production processes are limited to planar geometries. We therefore investigated the use of polygonal shaped transducers in optoacoustic tomography and compared the performance of such arrays to circular ones in a simulation model.
Methods
To assess the influence of the edged transducer geometry in terms of achievable image quality and resolution, optoacoustic signals from a point source were simulated and reconstructed thereafter. In addition a finger cross section phantom was generated in order to evaluate the approach with respect to a prospective application in high resolution optoacoustic imaging of human extremities. The phantom was modelled as a round object containing four round structures simulating blood vessels and bone. One transducer consisted of 128 elements per array and the reconstructed image was investigated for transducer configurations from 2 to 10 edges, wherein the latter approximated circular shape for comparison. Raw data was simulated for a transducer centre frequency of 5 MHz and a bandwidth of 4 MHz. The system response is considered by the convolution of the signal with a Gaussian kernel. A noise level of 10 % of the maximum signal amplitude was added. Reconstructed images were achieved using the sum-anddelay beamforming algorithm as described in [7] . The raw signal amplitudes were filtered based on statistical evaluation during the algorithm. The images were analysed by their signal-to-noise-ratio (SNR), which was calculated by the ratio of the maximum value of the signal and average noise level. Additionally, the FWHM of the reconstructed point source was measured in axial and lateral direction.
Results
In optoacoustic imaging using linear arrays, a common artefact is the orientation dependency for reconstructed surfaces. In general, surfaces that are parallel to the linear array are much better reconstructed than those that are perpendicular to the array. In a first approach, we therefore investigated the influence of the transducer shape on the ability to accurately reconstruct defined geometries. For an arc-shaped array with 22 mm curvature radius and opening angles ranging from 40-180°, optoacoustic signals from a point source located in the geometrical focus of the array were simulated and reconstructed. Moreover, the influence of the opening angle and the number of edges of the transducer array on the axial and lateral pointspread-function was characterized. The simulations showed that in the case of a 120° arc-shaped array, the axial and lateral resolution is almost identical for radial and edged geometry (cp. Fig. 1 ). We therefore investigated the impact of the opening angle of the arc-shaped array on the resolution and the SNR of the reconstructed image. Fig. 1 depicts the improvement of the resolution in lateral direction and the decreasing of the SNR of the reconstructed phantom with wider opening angles owing to increasing time delays. We further examined the ability to accurately reconstruct defined geometries with respect to arc-shaped transducers. As can be seen in Fig. 2 , circular structures (mimicking vessel cross sections) can almost be reconstructed completely with an opening angle of 120°. However, artefacts increase slightly with smaller opening angles and the structures can only be reconstructed fragmentarily. While the step from a linear array to an edged shape with 2 linear sub-arrays brings significant improvement geometries with 3 or more edges only slightly enhances the ability to accurately reproduce all phantom structures. Also, the reconstruction of signals from a one-sided transducer array yield to adequate images being comparable to two-sided transducer geometries.
Discussion
The developed simulation tools allow evaluating the performance of different array configurations (linear, arcshaped, sub-arrays and ring) in terms of optoacoustic image quality. The results showed that geometries that can hardly be produced with cMUTs such as rings are not required for obtaining reconstructed optoacoustic images with isotropic resolution and image quality. These results will be used for designing new cost-efficient cMUT based transducers used in optoacoustic tomography of human extremities and whole-body small animal imaging.
